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(54) Motor vehicle alternator 

(57) A conventional full wave diode bridge of an 
alternator (106) is replaced with a full wave controlled 
rectifier bridge (108) having controlled switches in place 
of diodes. Phase control is performed by the switches of 
the controlled rectifier bridge to pre-empt natural com- 
mutation and shift the phase of the alternator phase 
voltages relative to the phase currents. The phase angle 
control disrupts the normal unity power factor operation 

FIG-6 
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of the alternator and causes additional reactive current 
flow in a three phase stator winding (1 1 6) of the alterna- 
tor to source the controlled rectifier bridge (108). The 
result is that for the same operating conditions the con- 
trolled switches of the controlled rectifier bridge boost 
output from the alternator by from 40% to 60%. 
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Description 

The present invention relates generally to alterna- 
tors and, more particularly, to improved alternators and 
methods for operating such alternators to improve alter- 
nator output current particularly at lower speeds. While 
the present invention is generally applicable, it will be 
described herein with reference to use in motor vehi- 
cles. 

A conventional motor vehicle alternator includes a 
three phase stator winding with a rotor magnetically 
coupled to the stator and driven by the vehicle's internal 
combustion engine. As the rotor is driven, three phase 
power, generated at output connections of the stator 
winding, is rectified by a three phase diode rectifier 
bridge. Unfortunately, the output current and efficiency, 
both mechanical and electrical, of the alternator vary 
with the speed of the engine which is controlled for the 
mechanical requirements of the vehicle. At low speeds, 
the alternator output may be insufficient to provide the 
power needed to operate all electrical equipment of the 
vehicle while at high speeds, power generation is suffi- 
cient to far exceed these requirements. 

The operating speed of an alternator used in the 
electrical system of a motor vehicle may be varied to 
overcome the noted inconsistencies between power 
generation and power requirements and to advanta- 
geously generate sufficient power for the motor vehicle 
when the engine is operating at a low speed. For exam- 
ple, a variety of two speed alternators operable at a 
higher speed for low speed operation of the correspond- 
ing motor vehicle engine are known. 

While such alternator control arrangements are 
useful in providing adequate power at low engine 
speeds or for protecting alternators at high engine 
speeds, they rely on mechanical speed change devices 
which can be unreliable. 

Accordingly, there is a need for an improved alter- 
nator which is reliable and does not rely on mechanical 
speed changing devices to improve alternator operation 
and arrangements for controlling operation of such an 
alternator for example in a motor vehicle. 

This need is met by the invention of the present 
application wherein a conventional full wave diode 
bridge of an alternator is replaced with a full wave con- 
trolled rectifier bridge having controlled switches in 
place of diodes. Phase control is performed by the 
switches of the controlled rectifier bridge to pre-empt 
natural commutation and shift the phase of the alterna- 
tor phase voltages relative to the phase currents. The 
phase angle control disrupts the normal unity power fac- 
tor operation of the alternator and causes additional 
reactive current flow in a three phase stator winding of 
the alternator to source the controlled rectifier bridge. 
The result is that for the same operating conditions, the 
controlled switches of the controlled rectrfier bridge 
boost output from the alternator by from 40% to 60%. 

In accordance with one aspect of the present inven- 
tion, an alternator is mechanically driven to generate a 


direct current (dc) output, fa example by an internal 
combustion engine of a motor vehicle to charge a bat- 
tery of the motor vehicle and operate electrical equip- 
ment of the motor vehicle. The alternator comprises a 
5 three phase stator winding having three output connec- 
tions. A rotor is magnetically coupled to the stator wind- 
ing and mechanically driven to generate a back 
electromotive force in the stator winding and thereby 
produce three phase power at the three output connec- 
10 tions of the stator winding. Apparatus is used in con- 
junction with known machine parameters to calculate or 
otherwise determine the electrical position of the back 
electromotive force in the stator winding. A full wave 
controlled rectifier bridge is connected between the 
15 three output connections of the stator winding and the 
load, for example a battery and electrical equipment of 
a motor vehicle. The full wave controlled rectifier bridge 
is controlled in response to the back electromotive force 
in the stator winding to control phase shift between the 
20 back electromotive force in the stator winding and 
phase voltages at the three output connections of the 
stator winding. 

In accordance with another aspect of the present 
invention, a method of operating an alternator mechan- 
25 ically driven for example by an internal combustion 
engine of a motor vehicle to charge a battery of the 
motor vehicle and operate equipment of the motor vehi- 
cle, the alternator including a three phase stator winding 
having three output connections and a rotor magneti- 
30 cally coupled to the stator winding and mechanically 
driven to generate a back electromotive force in the sta- 
tor winding and thereby produce three phase power at 
the three output connections of the stator winding, com- 
prises the steps of: determining the position of the back 
35 electromotive force in the stator winding; connecting a 
full wave controlled rectifier bridge between the three 
output connections of the stator winding and the battery 
of the motor vehicle; and, controlling the full wave con- 
trolled rectrfier bridge to control phase shift between the 
40 back electromotive force in the stator winding and 
phase voltages at the three output connections of the 
stator winding in response to the determined back elec- 
tromotive force in the stator wincfing. 

It is, thus, a feature of the present invention to pro- 
45 vide an improved alternator for generating a dc output 
and a method of operating the alternator which provides 
improved alternator output current, particularly at lower 
speeds; to provide an improved alternator for a motor 
vehicle and a method of operating the alternator which 
so provides improved alternator output current, particularly 
at lower engine speeds; and, to provide an improved 
alternator for a motor vehicle and a method of operating 
the alternator which provides improved alternator output 
current, particularly at lower engine speeds by control - 
55 ling a full wave controlled rectifier bridge to control the 
phase shift between back electromotive force and 
phase voltage to increase output current from the alter- 
nator. 

The invention will now be described, by way of 
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example, with reference to the accompanying drawings, 
in which: 

Fig. 1 is a schematic diagram of a single phase of a 
synchronous machine; 

Figs. 2-5 are phasor diagrams illustrating various 
electrical parameters of the synchronous machine 
of Fig. 1; 

Fig. 6 is a schematic block diagram of a motor vehi- 
cle electrical system including an alternator opera- 
ble in accordance with the present invention; 
Fig. 7 is a table illustrating six switching modes 
used for six-step control of corresponding connec- 
tions of a full wave controlled rectifier bridge, and 
the line-to-line and line-to-neutral voltages of each 
mode; 

Fig. 8 is a series of graphs illustrating six-step con- 
trol of a full wave controlled rectifier bridge; and 
Fig. 9 is a graphically representation of the improve- 
ment of alternator performance in accordance with 
the present invention. 

Prior to description of the present invention, a brief 
analysis of synchronous machines will be made to pro- 
vide technical background for the description of the 
alternator control method and apparatus of the present 
invention. Fig. 1 is a schematic diagram of a model lor a 
single phase of a synchronous machine with uniform air 
gap wherein: E is the voltage or back electromagnetic 
force (EMF) generated in the phases of the stator wind- 
ing by a rotating flux wave produced by a driven rotor 
which is magnetically coupled to the stator winding; I is 
the current expressed or referred to alternating current 
(ac) quantities flowing to the load which, for a motor 
vehicle, comprises a battery and selectively activated 
electrically operated devices of the motor vehicle; R is 
the resistance of the phase of the stator winding; Xs is 
the synchronous reactance of the phase of the stator 
winding; and, V is the load voltage expressed or 
referred to ac quantities. 

Fig. 2 is a phasor diagram for the synchronous 
machine model of Fig. 1 wherein <J> is the angle between 
the EMF E and the current I, p is the angle between the 
EMF E and the load voltage V, and a is the angle 
between the load voltage V and the current I. The power 
transferred from the rotor to the stator, air gap power, is 
given by the equation: 

P = Elcos(<(>) 

Given the back EMF E, limited by the speed and 
flux, and current I, limited by the cooling conditions of 
the machine, maximum air gap power is obtained if the 
current I is in phase with the back EMF E, commonly 
referred to as field oriented, and accordingly, the 
machine operates at maximum power. In this operating 
mode, the machine has highest power density. Unfortu- 
nately, such operating mode cannot be achieved in a 
conventional motor vehicle charging system because in 


this operating mode the terminal voltage is usually 
higher than the back EMF, as shown in Fig. 3, while the 
terminal voltage is smaller than the back EMF in a con- 
ventional motor vehicle charging system. 

s In a motor vehicle charging system, the constraints 
are the terminal voltage, determined by the battery volt- 
age, and the back EMF. According to synchronous 
machine theory, under such constraints the power will 
be maximum if the phase shift between the back EMF 

10 and the terminal voltage is 90 electrical degrees for uni- 
form air-gap machines, as shown in Fig. 4. Unfortu- 
nately, a synchronous machine connected to a diode 
rectifier can not produce maximum output power 
because the angle p is less than 90° due to the fact that 

15 the diodes force the phase current to be in phase with 
phase voltage, as shown in Fig. 5. 

It can be seen that by increasing the angle between 
the back EMF and the terminal voltage, the output of a 
synchronous machine can be increased. However, the 

20 increase in the output dc current is smaller than the 
increase in the phase current because the machine has 
lower power factor when the current is not in phase with 
the phase voltage. In accordance with the present 
invention, a full wave controlled rectifier bridge is used 

25 to control the angle p between the EMF and the load 
voltage by manipulating the connections of the terminal 
voltage of the synchronous machine or alternator. This 
control increases the output of the alternator, particu- 
larly at low speeds, and can also be used to control 

30 overvoltage, i.e., load dump, and voltage regulation 
within the charging system of a motor vehicle, see Fig. 
9. 

Since the battery is a voltage source, the voltages 
applied to the output connections of the stator winding 

35 of the alternator are directly controlled by the full wave 
controlled rectifier bridge rather than the phase currents 
of the machine. Accordingly, the control for the control- 
led rectifier bridge is to synthesise ac terminal voltages 
such that the synthesised terminal voltages interact with 

40 the back EMF to produce required current flow. The 
requirements for the synthesised terminal voltages are 
as follows. 1) The frequency of the synthesised terminal 
voltages must be the same as that of the back EMF oth- 
erwise the machine will not have any average output 

45 power. 2) The magnitude of the terminal voltage should 
be the possible maximum, which is limited by the bat- 
tery voltage, for the machine to have highest possible 
output with a given field current. 3) The angle between 
the phase voltage and the corresponding back EMF 

so should be such that the machine will provide the current 
demanded, not necessarily the maximum all the time. 

There are several known methods to synthesise the 
terminal voltages such as sine-triangle PWM, voltage 
space vector PWM and six-step control. Six-step control 

55 produces the highest fundamental component voltage 
and it is also simple to implement. However, it has larger 
low-order harmonic components compared with the 
other control methods. Because the base frequency of 
an alternator of a motor vehicle charging system is quite 
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high, greater than 1 50 Hz, the harmonic voltage compo- 
nents do not generate sufficiently large harmonic cur- 
rents to be a problem if six-step control is used. 
Accordingly, due to its simplicity and higher fundamen- 
tal voltage, six-step control is preferred for the alternator 
control system of the present application. 

Fig. 6 is a schematic block diagram of a motor vehi- 
cle electrical system 100 including a battery 102, a load 
104 made up of selectively activated electrically oper- 
ated devices of the motor vehicle and an alternator 106 
operable in accordance with the present invention. A full 
wave controlled rectifier bridge 108 is constructed using 
six switches which are illustrated as six MOSFETs A + , 
A", B+, B", C+. C, of course a variety of controlled switch 
devices can be used in the present invention as will be 
apparent to those skilled in the art. The six switching 
modes used for six-step control of the corresponding 
connections and the line-to-line and line-to-neutral volt- 
ages of each mode are given in Fig. 7. If the six switches 
are turned on and off in these six modes sequentially 
and each mode is maintained for one sixth of the funda- 
mental cycle of the alternator 106, the voltages at the 
output connections 110, 112, 114 of the three phase 
stator winding 116 of the alternator 106 will have the 
waveforms shown in Fig. 8. 

It is known that three phase ac voltages can be syn- 
thesised from a dc voltage as long as the switching 
modes 1-6 shown in Fig. 7 are changed sequentially 
among the six switching modes. In like manner, the bat- 
tery 102 and load 104 can be connected to the three 
phase ac vottages generated at the output connections 
1 10, 1 12, 1 14 of the three phase stator winding 1 16 of 
the alternator 106 by the six switches of the bridge 108 
such that a dc current 1 18 flows from the alternator 106 
to the battery 102 and load 104 again provided that the 
switching modes 1-6 shown in Fig. 7 are changed 
sequentially among the six switching modes. 

The timing for the change of switching modes or 
states is chosen such that the bridge 108 is synchro- 
nous with the three phase ac voltages generated at the 
output connections 110, 112, 114 of the stator winding 
116. The synchronisation of the bridge 108 with the 
three phase ac voltages can be performed with a mini- 
mum amount of information regarding the back EMF, 
i.e., the synchronous frequency of the alternator 1 06, as 
wilt be described with respect to a variety of control 
strategies for switching the states of the connections 
through the bridge 108. 

The objective of all of these control strategies is to 
determine and set a desired phase shift between the ac 
terminal phase voltage at the output connections 110, 
112, 1 14 of the alternator 106 and its associated back 
EMF. Maintaining a phase shift between a phase current 
and its associated phase voltage is equivalent as should 
be apparent and as indicated in several of the strate- 
gies. Such control dramatically increases output per- 
formance of the alternator 106, particularly at low 
speeds, without increasing the volume or weight of the 
alternator. In addition, overvoltage, for example due to 


load dump, can be controlled and the conventional volt- 
age regulation function can be performed by proper 
control of the bridge 108. 

A first strategy utilises an angular position encoder 

5 1 20 connected to a rotor output shaft 1 22 to determine 
the position of the rotor output shaft 122 and thereby the 
back EMF in the three phase stator winding 116. The 
resulting information is used in conjunction with a look- 
up table stored in a memory of a microprocessor 124 to 

10 determine and set the delay angle for the terminal volt- 
ages and hence the switch times for the switches of the 
bridge 108. 

In the illustrated embodiment, the switch times are 
read out as an input for a counter 126 which is down- 

15 counted to generate a switch pulse for a state machine 
128 which in response activates driver circuits 130 for 
controlling the conduction state of the switches of the 
bridge 108. A lockout circuit 132, illustrated as a lockout 
counter coupled to the state machine 128, ensures that 

20 two switches in the same leg of the bridge 1 08, e.g. A + , 
A", are never turned on at the same time. In a working 
embodiment of the present invention, an 80C196 micro- 
processor was used as the microprocessor 124 and an 
Altera EPLD state machine was used as the state 

25 machine 128; however, a large variety of microproces- 
sors and state machines can be utilised in the present 
invention. 

A second strategy utilises a Zero-crossing detector 
1 34 for a phase current. The resulting position detection 

30 is utilised by the microprocessor 124 to introduce a 
desired delay angle between the detection of the zero- 
crossing of the phase current and the application of the 
terminal voltage, i.e. the timing of the state transitions of 
the switches in the bridge 108. As previously noted. 

35 control of this angle is analogous to control of the angle 
between the back EMF and the terminal voltages. 

A third strategy, which is currently preferred, is to 
combine the three phase voltages and the neutral N 
from the stator winding 116 within a third harmonic 

40 detector circuit 136 to determine the third harmonic 
within the voltage generated by the alternator 106. The 
resulting third harmonic signal is converted to a square 
wave and passed to a counter circuit 138 which gener- 
ates a fundamental frequency output pulse for each six 

45 pulses of the third harmonic signal which replaces the 
output signal from the angular position encoder 120. For 
this third harmonic control strategy, a start-up and syn- 
chronisation circuit 140 receives one phase arbitrarily 
designated as phase A and the third harmonic signal 

so from the third harmonic detector circuit 1 36 to generate 
a start-up and synchronisation signal corresponding to 
and identifying the negative to positive zero-crossings of 
phase A which is passed to the state machine 132. 
The start-up and synchronisation signal enables 

55 and ensures that the switches A + . B* and C + are turned 
on at the appropriate time signalled by the switch pulse 
from the counter 126 for the negative to positive zero- 
crossings of phase A. The switch modes are then 
sequentially advanced from mode 1 to mode 6 as 
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shown in Fig. 7 at one sixth intervals of the EMF cycle. 
The synchronous frequency changes as the alternator 
speed changes and it is important to keep the switches 
of the bridge 1 08 in synchronism with the machine. This 
is done by updating the back EMF cycle and keeping 
the duration time of each switching mode equal to one 
sixth of the current back EMF cycle. A phase current 
detector 1 42 could also be used with the third harmonic 
detector 136. In addition, a dc link current sensor 144 
can be used as feedback to the microprocessor 124 to 
form a closed loop control for power optimisation from 
the alternator 106. 

In a fourth strategy, the phase current detector 142 
and a phase voltage detector 146 can be used to esti- 
mate the position of the back EMF from the determined 
phase current and voltage. This estimate results in an 
existing delay angle between the phase current and 
voltage which is compared to a desired delay angle read 
from an empirically determined look-up table. The delay 
angle between the phase current and voltage is then 
adjusted until the estimated delay angle and the desired 
delay angle match one another. 

As noted above, the output of the alternator 106 
can be controlled by controlling the angle between the 
back EMF and the terminal voltage of each phase. For- 
tunately, the relationship between the angle and the out- 
put current is simple: the bigger the angle, but not 
bigger than 90 °, the higher the output. Therefore, if it is 
necessary to increase the output, the angle is increased 
and, if it is necessary to decrease the output, the angle 
is decreased. These adjustments can be made by add- 
ing or subtracting delay increments such that the 
desired output is reached over a number of cycles of the 
alternator output. After the output current reaches the 
demanded value, the delay is maintained until another 
change is necessary. 

It is noted that to increase the output current, the 
switching mode change is delayed rather than 
advanced as suggested by the noted current control 
strategy. This is due to the fact that the variables under 
direct control are the terminal voltages rather than the 
phase currents because the battery is a voltage source. 
To increase the output current the machine terminal 
voltages should be delayed so that the angle between 
the back EMF and the voltages can be increased. 
Advancing the change of switching mode is going in the 
opposite direction. 

As noted above, the terminal voltage frequency 
determined by the switches of the bridge 108 must be 
the same as the synchronous frequency of the alterna- 
tor 106. If the synchronous frequency is known, the ter- 
minal voltage frequency can be guaranteed to be the 
same as the synchronous frequency by keeping the 
duration time of each switching mode equal to one sixth 
of the synchronous cycle and changing the switching 
mode according to the sequence given in Fig. 7. To 
determine the synchronous frequency, the third har- 
monic detector 136 may be used because the informa- 
tion about the synchronous frequency is contained in 


the third harmonic voltage. Thus, by detecting the zero- 
crossing of the third harmonic voltage, which can be 
easily obtained by adding three phase voltages 
together, the synchronous frequency can be deter- 
5 mined. If the alternator speed changes, the frequency of 
the third harmonic voltage also changes, which in turn 
changes the timing of the switching of the mode of the 
connections of the bridge 108 so that the terminal volt- 
age frequency follows the back EMF frequency. 
10 While it is possible to select an optimum delay 
angle for operation of an alternator in accordance with 
the present invention, to avoid such problems as 
machine parameter variation, model deficiency, and dif- 
ficulties in load prediction, it is preferred to make no 
15 attempt to predict the optimum value of the angle for the 
required output and try to achieve that optimum value. 
Rather, closed loop control is preferred. The feeoback 
variable is the battery voltage and the control law is sim- 
ple: increase the angle if the battery voltage is lower 
20 than the given bottom limit or decrease the angle if the 
battery voltage is higher than the set upper limit. As 
stated above, the angle control can be accomplished by 
controlling the duration time of each switching mode. 
It is preferred to change the angle smoothly and the 
25 amount changed in one step is empirically determined 
for a given alternator line. The transition period, during 
which the duration times of the switching modes are not 
equal to one sixths of the cycle of the back EMF, is 
ended rf the battery voltage is brought back to the 
30 allowed range. The closed loop will force the angle 
between the back EMF and the phase voltage to be the 
required value for the load, even though it is unknown. 

The machine yields maximum output when the 
angle between the back EMF and the phase voltage 
35 reaches the optimum angle, for a machine with uniform 
air-gap the optimum angle is 90° and for a salient pole 
machine the optimum angle is smaller than 90 degrees. 
It is necessary to detect whether the machine has 
reached its maximum output operation point. However, 
40 the angle is difficult to measure without a position sen- 
sor. To detect the maximum output operation point, a 
current sensor is used to measure the dc link current. If 
the measured dc link current increases as the angle 
increases, the angle has not reached the optimum 
45 angle and the output of the machine can still be 
increased by increasing the angle. If the measured dc 
link current decreases as the angle increases, the angle 
has become larger than the optimum angle and the out- 
put of the machine will decrease if the angle is further 
so increased. 

Since the controlled bridge increases the current of 
the alternator 106, the alternator 106 will have higher 
losses. If the cooling conditions limit the current to a 
value lower than the maximum output current, which is 
55 electromagnetically possible, the dc link current sensor 
is used to detect the maximum current operation point. 
The angle can then be held to less than the correspond- 
ing angle to protect the machine if the measured current 
has reached the current limit, which is determined by 
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the cooling conditions. 

For a system with a full wave controlled rectifier 
bridge such as the bridge 108, the increase in the out- 
put current is achieved with a penalty: the output power 
factor is smaller than unity. To avoid unnecessary pen- 5 
alty, the controlled bridge is not activated until the field 
current reaches its maximum value. Until that time, all 
six switches of the bridge 108 are turned off and the 
body diodes of the six MOSFETs A*, A*, B + , B*. C + , Co- 
operate as a conventional diode bridge for the alternator w 
106. Also, when the current needs to be reduced, the 
power factor angle should be reduced first to reduce the 
reactive current component. The field current will not be 
decreased until the power factor has reached unity and 
the controlled rectification performed by the bridge 108 15 
is terminated. The power factor angle can be estimated 
by the output current. If the output current is larger than 
the output current of a diode bridge for the given speed 
and field current, the power factor angle is greater than 
zero. 20 

In summary, the present invention replaces a con- 
ventional full wave diode bridge with a full wave bridge 
having controlled switches which are parallel connected 
with inverse diodes as shown in Fig. 6. The MOSFETs 
can be thought of as controlled switches overlaying a 25 
conventional diode bridge but with the body diodes of 
the MOSFETs forming the conventional diode bridge. 
When phase control is initiated as described above, the 
controlled switches pre-empt natural commutation of 
the diodes and shift the phase of the alternator phase 30 
voltages relative to the phase currents. The phase angle 
control disrupts the normal unity power factor operation 
of the alternator and causes additional reactive current 
flow in the stator winding 116 that is sourced by the 
bridge 108. The result is that for the same operating 35 
conditions the controlled switches of the bridge 108 
boost output from the alternator by from 40% to 60% as 
shown in Fig. 9. 

Claims 40 

1 . An alternator mechanically driven to generate a dc 
power at a dc output comprising: 

a three phase stator winding (116) having three 45 
output connections (110,112,114); 
a rotor magnetically coupled to said stator 
winding and mechanically driven to generate a 
back electromotive force in said stator winding 
and thereby produce three phase power at said so 
three output connections of said stator winding: 
apparatus for determining the position of said 
back electromotive force in said stator winding 
(116); 

a full wave controlled rectifier bridge (108) con- ss 
nected between said three output connections 
(1 10,1 12,1 14) of said stator winding (1 16) and 
said dc output (118); and 
a controller (124,128) responsive to said back 


electromotive force in said stator winding for 
controlling said full wave controlled rectifier 
bridge to control phase shift between said back 
electromotive force in said stator winding (116) 
and phase voltages at said three output con- 
nections (110,112,114) of said stator winding 
(116). 

2. An alternator as claimed in claim 1 , wherein said 
phase shift between said back electromotive force 
in said stator winding and phase voltages at said 
three output connections of said stator winding is 
maintained at a preferred value to increase alterna- 
tor output current. 

3. An alternator as claimed in claim 1 or 2, wherein 
said apparatus for determining the position of said 
back electromotive force in said stator winding com- 
prises an angular position encoder connected to 
said rotor. 

4. An alternator as claimed in any one of claims 1 to 3, 
wherein said apparatus for determining the position 
of said back electromotive force in said stator wind- 
ing comprises a phase current zero crossing detec- 
tor connected to one phase of said three phase 
stator winding. 

5. An alternator as claimed in any one of the preced- 
ing claims, wherein said apparatus for determining 
the position of said back electromotive force in said 
stator winding comprises a third harmonic detector. 

6. An alternator as claimed in any one of the preced- 
ing claims, wherein said apparatus for determining 
the position of said back electromotive force in said 
stator winding further comprises a dc current detec- 
tor for measuring dc current flowing from said alter- 
nator to said dc output. 

7. An alternator as claimed in any one of the preced- 
ing claims, wherein said apparatus for determining 
the position of said back electromotive force in said 
stator winding further comprises a voltage detector 
tor measuring the voltage of one phase of said 
three phases. 

8. An alternator as claimed in claim 1 , wherein said 
apparatus for determining the position of said back 
electromotive force in said stator winding com- 
prises a first detector for measuring current in one 
phase of said three phases and a second detector 
for measuring voltage of said one phase of said 
three phases. 

9. An alternator as claimed in any one of the preced- 
ing claims, wherein said full wave controlled rectifier 
bridge is constructed of MOSFET devices. 
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10. An alternator as claimed in any one of the preced- 
ing claims, wherein said alternator can.be mechan- 
ically driven by an internal combustion engine of a 
motor vehicle to charge a battery of said motor 
vehicle and operate equipment of said motor vehi- 
cle. 
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